Abstract. We study the semiparallel lightlike hypersurface of an indefinite cosymplectic space forms which are tangent to the structure vector field.
Introduction
In the theory of submanifolds of semi-Riemannian manifolds it is interesting to study the geometry of lightlike submanifolds due to the fact that the intersection of normal vector bundle and the tangent bundle is nontrivial making it more interesting and remarkably different from the study of nondegenerate submanifolds. The geometry of lightlike hypersurfaces and submanifolds of indefinite Kaehler manifolds was studied by Duggal and Bejancu [5] . On the other hand, lightlike hypersurfaces of indefinite Sasakian manifolds was studied in [3, 6] , whereas lightlike hypersurfaces in indefinite cosymplectic space form was studied in [7] .
The basic Gauss, Codazzi-Mainardi and Ricci equations give that the extrinsic conditions parallel, semiparallel and pseudo-parallel imply the correspondent intrinsic conditions symmetry, semisymmetry and pseudo-symmetry, respectively [1] .
We study semiparallel lightlike hypersurface of an indefinite cosymplectic space form and we prove:
Preliminaries
An odd-dimensional semi-Riemannian manifoldM is said to be an indefinite almost contact metric manifold if there exist structure tensors {φ, ξ, η,ḡ}, whereφ is a (1,1) tensor field, ξ a vector field, η a 1-form andḡ is the semi-Riemannian metric onM satisfyinḡ
for anyX,Ȳ ∈ Γ(TM ), where Γ(TM ) denotes the Lie algebra of vector fields on M .
An indefinite almost contact metric manifoldM is called an indefinite cosymplectic manifold if [4] (∇Xφ)Ȳ = 0, and∇X ξ = 0 for anyX,Ȳ ∈ TM , where∇ denotes the Levi-Civita connection onM .
A plane section Π in T xM of a cosymplectic manifoldM is called aφ-section if it is spanned by a unit vectorX orthogonal to ξ andφX, whereX is a non-null vector field onM . The sectional curvature K(Π) with respect to Π determined byX is called aφ-sectional curvature. IfM has aφ-sectional curvature c which does not depend on theφ-section at each point, then c is a constant inM and M is called an indefinite cosymplectic space form, which is denoted byM (c). The curvature tensorR ofM (c) is given by [4] 
Let (M, g) be a hypersurface of a (2n + 1)-dimensional semi-Riemannian manifold (M ,ḡ) with index s, 0 < s < 2n + 1 and g =ḡ |M . Then M is a lightlike hypersurface ofM if g is of constant rank (2n − 1) and the normal bundle T M ⊥ is a distribution of rank 1 on M [5] . A nondegenerate complementary distribu- 
Then, we have the following decomposition:
Throughout this paper, all manifolds are supposed to be paracompact and smooth. We denote by Γ(E) the smooth sections of the vector bundle E, and by ⊥ and ⊕ the orthogonal and the nonorthogonal direct sum of two vector bundles, respectively.
Let∇, ∇ and ∇ t denote the linear connections onM , M and vector bundle tr(T M), respectively. Then, the Gauss and Weingarten formulae are given bȳ
and Γ(tr(T M)), respectively and A V is the shape operator of M with respect to V . Moreover, in view of decomposition (2.3), equations (2.4) and (2.5) take the form
for any X, Y ∈ Γ(T M) and N ∈ Γ(tr(T M)), where B(X, Y ) and τ (X) are local second fundamental form and a 1-form on U , respectively. It follows that
the induced linear connections on S(T M) and T M
⊥ , respectively. Then from the decomposition of tangent bundle of lightlike hypersurface, we have
, where h * , A * are the second fundamental form and the shape operator of distribution S(T M) respectively.
By direct calculations using Gauss-Weingarten formulae (2.8) and (2.9), we find
On the other hand, by using (2.6), (2.7), (2.9) and (2.12), we obtain
Thus, locally (2.8) and (2.9) become
Finally, (2.10) and (2.11), locally become
In general, the induced connection ∇ on M is not a metric connection. Since∇ is a metric connection, we have
IfR and R are the curvature tensors of∇ and ∇, then using (2.6) in the
A hypersurface M is semiparallel if its second fundamental form h satisfies,
where R is the curvature tensor field of M .
Proof of the theorem
Let (M ,φ, ξ, η,ḡ) be an indefinite cosymplectic manifold and (M, g) be its lightlike hypersurface, tangent to the structure vector field ξ withḡ(ξ, ξ) = ε = +1. If E is a local section of T M ⊥ , thenḡ(φE, E) = 0 implies thatφE is tangent to
{0}. This enables us to choose a screen distribution S(T M) such that it contains φ(T M ⊥ ) as vector subbundle. Now, we consider a local section N of tr(T M). ThenφN is tangent to M and belongs to S(T M) asḡ(φN, E) = −ḡ(N,φE)
= 0 andḡ(φN, N ) = 0. From (2.1), we haveḡ (φN,φE) =ḡ(N, E) − η(N )η(E) =ḡ(N, E) = 1. Therefore,φ(T M ⊥ ) ⊕φ(
tr(T M)) is a direct sum but not orthogonal and is a nondegenerate vector subbundle of S(T M) of rank 2.
It is known [2] that if M is tangent to structure vector field ξ, then ξ belongs to S(T M). Sinceḡ(φE, ξ) =ḡ(φN, ξ) = 0, there exists a non degenerate invariant distribution D 0 of rank (2n − 4) on M such that
where ξ = span ξ. Moreover, from (2.3) and (3.1), we obtain
Now, we consider the distributions D and D on M as follows
Then D is invariant underφ and
If P 1 and Q denote the projection morphisms of T M on D and D and U = −φN , V = −φE are local lightlike vectors, respectively, then we write
where QX = u(X)U , and u is a differential 1-form locally defined on M by u(·) = g(V, ·). From (3.1) and (3.2), we obtainφX = φX + u(X)N and
, where φ is a tensor field of type (1, 1) defined on M by φX =φP 1 X.
Putting (2.2), (2.6), (2.13) into (2.14), by a straightforward calculation we obtain
Putting above X = E and using the fact that B(E, ·) = 0, we get
Putting X 2 = E into (3.3) we get 
There exists a unique torsion free metric connection ∇ induced by∇ on M .
Hereafter, (R 2m+1 q ,φ, ξ, η,ḡ) will denote the manifold R 2m+1 q with its usual cosymplectic structure given by
where (x i , y i , z) are Cartesian coordinates.
Example. LetM = (R Consider the hypersurface M of R From (3.6) and (2.14), it is easy to see that M is semiparallel hypersurface ofM . Moreover, using (3.6), M is totally geodesic hypersurface and c = 0 asM = R 7 2 is a semi-Euclidean space, which supports Theorem 1.1.
